All stages of the process benefit from carefully con structed visualizations of thoughts and data, but the com bination of graphs, tables, pictures, and diagrams is par ticularly crucial to the effective communication of analysis results. Visualizations and conceptual diagrams can act as a communal language among scientists, man agers, and stakeholders, providing a common knowledge base for further communication. This holistic approach has proven successful in helping diverse stakeholders to prioritize monitoring needs within NPS sites in the National Capital Region.
* Environmental setting
The NPS is implementing a series of programs designed to provide a stronger scientific basis for its management actions (NPS 1999; Kaiser 2000). The Inventory and Monitoring program was established to fulfill this mission by creating a comprehensive assessment of the status and trends of park natural resources. This initiative involves obtaining the appropriate data, developing ways to ana lyze this data, and creating mechanisms to communicate the understanding that results from data analysis. This represents a major departure from previous NPS activities and includes a partnership with academia to facilitate the development of an integrated environmental assessment 
* Initial investigation
The initial investigation phase involves an attempt to capture the current understanding of the system, identify knowledge gaps, and synthesize inputs from various stake The process of developing first drafts of conceptual dia grams provides a central focus in working toward consen sus on the key structural and functional properties of an ecosystem. Conceptual diagrams can help to clarify thinking; words can be ambiguous, but images link to the message being portrayed. They facilitate communication, both one-way (the presentation of the idea) and two-way (idea development). By providing both context and syn thesis, the process of developing conceptual diagrams can be used to identify knowledge gaps, priorities, and other essential elements.
* Conceptual framework
Synthesis of the knowledge gained in the initial investiga tion of the key elements, the main stressors, and the princi pal management objectives can be used to develop a con ceptual framework. This can be presented in two ways: (1) as conceptual diagrams that are intended to be dynamic and are the primary communication tool among scientists, managers, and stakeholders, and (2) as conceptual models, which can be used to explore specific hypotheses related to the success of management actions (Carruthers et al. 2002; Harris et al. 2003 ). This combination of products provides a scalable set of hypotheses regarding the key attributes and threats to urban parks. The integration of conceptual dia grams into the process of model construction helps to syn thesize regional issues while also communicating details of system processes. Where data are available, this empirical evidence is captured in the conceptual framework. However, where this is not the case, the diagrams and models capture key ideas and qualitative information in a formalized framework that can later be refined and quanti fied (Jackson et al. 2000) . Figure 2a provides an example of a conceptual diagram created during a workshop of NPS staff (NCRN 2006). The parks of the mid-Atlantic region protect nationally and regionally important water, forest and grassland, wildlife, and cultural and recreational resources. The major threats that these parks face were identified as urban encroachment adjacent to parks (associated with increases in water and air pollution, disease outbreaks, and invasive and pest species), and transportation or util ity corridors that pass through parks (associated with interruptions of the natural flow of water and movements of biota). This diagram represents generic park processes throughout the entire network of parks, rather than at a specific geographic location.
Conceptual diagrams use symbols to generate self Place-based navigation uses spatially nested. ;eo-referenced diagrams to define hypotheses regarding the resources and the stressors of concern in relation to their management activities. Diagrams can be nested to capture greater detail for issues or locations needing special attention. One priority issue raised by the managers was the influence of development (specifically impervious surfaces) on the streams and rivers that act as the primary drinking-water supply for the region (Figure 2b) . The information gained during the initial investigation phase can also be used to construct detailed models of specific ecological processes of concern. We followed a formal approach to develop, apply, and test hypotheses concerning park management, using conceptual ecologi cal models (Sutter 1999; Woodward et al. 1999). The multi-step method uses a nested set of models to provide an overview of important ecological interactions and to explore in depth the mechanisms for the small subset of ecological processes deemed most critical for protecting natural resources. A generalized model provides a sum mary of the system, and is useful for facilitating communi cation among scientists, managers, and the public. More detailed models can then be constructed in response to specific management or research objectives. The objects and relationships in the qualitative models can be trans lated into quantitative models once data are available and appropriate hypotheses have been identified (Haefner 1996). The role of increased nitrogen loading to these systems has received special attention (Driscoll et al. 2003; Groffman et al. 2003) , and a more detailed qual itative model can be used to explore the mechanisms associated with nitrogen cycling in urban landscapes (Figure 3) . This model traces the specific pathways from stressors to putative ecological damage, and can be read ily converted to a quantitative framework (eg the arrows in the model can be parameterized using monitoring data). Underlying these facilitated conceptual syntheses the spatial extent of the ecological process or indicator of interest. In our example, we defined the mid-Atlantic region by physiographic province and subdivided the region into 11 park-based diagrams. Each park model contains a specific suite of indicators and objectives that were defined through investigation and the conceptual framework process. Depending on the maturity of the monitoring program, knowledge of these processes may be observational, based on data, or a summary of pub lished literature. A benefit of place-based navigation is that users (ie park managers) can more easily determine where particular indicators are being monitored within a park, thereby increasing the possibility of bundling related monitoring or research efforts.
Theme-based navigation makes use of conceptual dia grams to represent biological themes. It provides an intu itive link between the data and the thematic overview diagram developed as part of the initial investigation (Figure 2a ). An additional data entry point was a series of models constructed to reflect the National Research Council's priority environmental research challenges (biogeochemical cycles, biological diversity, climate vari ability, hydrologic forecasting, infectious disease, and land-use dynamics; NRC 2001). Unlike place-based dia grams, which define the unique resources of a particular park, theme-based diagrams are used to find commonali ties in threats to, or value of, resources. Theme-based dia grams describe broad-scale, complex ecological relation ships and are more likely to draw upon data for a suite of indicators (eg air quality) than on any particular attribute.
Attribute-based navigation is based on collecting eco logical data, which can ultimately be used for indicator reporting, to assess comparative ecosystem health of parks. The National Park Service's Inventory and Monitoring program has constructed a tiered framework that organizes monitoring indicators ("vital signs") into three levels of Many scientists believe that doing excellent science is enough, and that this knowledge will be found and used at the appropriate time. Unfortunately, the public, politicians, and even environmental managers rarely read journal articles or highly specialized books, so these media alone do not constitute effective science communication. Increasingly, scientists are called upon to comment on current envi ronmental problems and the search for solutions; how ever, they often lack the tools to communicate their knowledge, especially in the face of the uncertainty inherent in the scientific process. With appropriate com munication tools, it is possible for scientists to better explain their messages to a broader audience, creating greater understanding, and demystifying both scientific knowledge and the scientific process. Only when effec tive science communication is achieved will the rele vance of science to society in general be recognized.
The The sub sequent application of data to inform management, stim ulate research, and direct monitoring efforts is often not accompanied by adequate integration. Yet, integrated assessments are one of the most important tools in the ecosystem-management toolbox. Timely assessments pro vide feedback on management actions, so both managers and stakeholder groups can evaluate progress, target restoration, and/or protection efforts. This work was conducted for the National Park Service, which is legislatively mandated to communicate with a broad audience of interested people having varying degrees of background and understanding concerning ecosystem processes. As such, a multi-phased assessment strategy, which engaged stakeholders early and often, was essential to the development of final products that could be accessed by people both with and without scientific backgrounds. The effective communication of data to diverse audiences should be a goal of all scientific endeavors, especially those requiring large expenditures of public funds.
Visual communication devices can literally open peo
ple's eyes and allow individuals to more acutely perceive the world around them. This improved understanding will lead to more informed decision making and better social discourse on various issues. Visual devices workthey can transcend scientific jargon by using images and symbols that provide information and knowledge. Scientists use multivariate datasets; thus, a multimedia presentation of data is warranted. Some data lend them selves to the creation of graphs, or to maps, or to tables. Finally, the incentive to develop more effective approaches to integrative environmental assessment has never been greater than it is at present. To avoid becom ing swamped with meaningless data, just when we most need synthesized analyses for improved environmental management, we need to open our eyes to new ways of communicating data and enhancing our understanding, so as to achieve better stewardship of our natural resources. 
